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During July‘ 1978, Chem-Nuclear Systems, Inc. (CNSI) began 

an assessment program for AMAX Specialty Metals Corp."(AMAX) 
u 

to locate, quantify, and evaluate the'extent of environmental 

radioactive contamination at the AMAX Parkersburg., West Virginia 

former zirconium/hafnium processing facility. In addition, preliminary 

ive assessments were to be made to assist AMAX in evaluat ,ing alternat 

methods for site cleanup. 

The facility and environs encompass an area of approximately 

126 acres located in Wood'County, West Virginia near the city 

of Parkersburg. of Parkersburg. Processing at the, facility wah conducted under Processing at the, facility wah conducted under ",~--""~u-~"~--~ ",~--""~u-~"~--~ 
authority and contract of the Atomic Energy Couunission (ARC) authority and contract of the Atomic Energy Couunission (ARC) ---- ---- 

s*j s*j 

from about 1961 to 1968 for the purpose of producing high-grade from about 1961 to 1968 for the purpose of producing high-grade _-_cII^ '- - _-_cII^ '- - @.&wes~ &peg- 
zirconium metal used in the assembly of nuclear reactors for the LJ. S. zirconium metal used in the assembly of nuclear reactors for the LJ. S: 

Navy.. Additional operations were conducted at the facility under&@'r 

contract and license to the Nuclear Regulatory Commission during ,3 

t 
I 

19;4 and,l975. " 

CNSI's Division of Decommissioning conducted an in depth monitoring,, 

sampling, and analysis program on site to ascertain the extent of 
‘1 environmental radioactive contamination, and evaluated several 

scenarios to facilita,te the cleanup and stabilization of the 

material. During this program specialized water-jet boring 

techniques'were developed and utilized to preclude combustion/ 

-explosion of suspected pyrophoric material beneath the ground's 

surface. 

iii 



CNSI's program produced a three-dimensional picture of 

radioactive contamination at the site with contamination 

gradients in soil depth, area, and activity. In addition 

several preliminary cleanup/stabilization scenarios, were 

CNSI's program produced a three-dimensional picture of 

radioactive contamination at the site with contamination 

gradients in soil depth, area, and activity. In addition 

several preliminary cleanup/stabilization scenarios, were 

identified and assessed for more detailed evaluation. identified and assessed for more detailed evaluation. 
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1.0 INTRODUCTION 

1.1 General 

Chem-Nuclear Systems, Inc. (CNSI) contracted with AMAX 

Specialty Metals Corporation (AMAX) to perform a radiElogica1 

assessment of property located near Parkersburg, West Virginia. 

During July 1978, CNSI began a program to locate, quantify, 

and evaluate the extent, if any, of the radioactive material 

found on, or associated with, the property. After the com- 

pletion of the studies, CNSI evaluated and proposed several 

possible alternative methods for cleanup and stabilization 

of.the property. 
, 

Chapter 1 of this report presents a brief,,description of 

CNSI's experience in the radiological field, the licenses 

the company, possesses, the scope/objectives of this study, 

and the description/history of the property. A complete 

discussion.of the radiological characteristics of the 

property, instrumentation and methodology used are provided 

in Chapter 2. Radiation protection stan'dards and an 

evaluation of direct gamma exposure rates, alpha smears, 
2, 

and'soil contamination are included in Chapter 3. The ,, 

alternative methods are described and evaluated as scenarios 

in Chapter 4. The conclusion containing the identification 

of those alternative methods (scenarios) warranting further 

evaluation is found in Chapter 5. The directory, list of 

references, and appendices describing disposal costs and 

property grids are supplied at the end of this document. 

(. 
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1.2 CNSI Experience 

CNSI has had over ten years of evaluating, develo$ing, and' 

operating radioactive and chemical waste disposal facilities 

in the United States. The company presently operates a 

hazardous chemical disposal site in Arlington, Oregon&d 

a commercial radioactive waste disposal site in Bamwell, 

South Carolina. 

CNSL has ,and is participating in decontamination programs 

at fscilities throughout the 'country. 

1.3 CNSI Licenses 

. CNSI has been granted a license (#46-13536-01) by 

the United States Nuclear Regulatory Commission (NRC), 

a license (i/097) by the state of South Carolina, a 

license (i/J-051~1) by the state of Washington, and a 

license (#W-l), by the state of Oregon to operate the 

hazardous waste disposal sites located in the states to 

which the licenses apply and to carry out the required 

support services. Also, CNSI',s ATCOR division retains 

the only broad-based decontamination license issued by 

the NRC which allows CNSI to.perform decontamination 

projects'under ,already approved ATCOR safety procedures. 

1.4 Objectives and Scope 

The main objectives of this report are to describe the' 

radiological characteristics, of the property, ,to evaluate 

~the results in terms of health physics aspects, and to 
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assist AMAX in the evaluation and selection of alternative 

methods for site cleanup and stabilization. 

The scope shall be limited to five alternative methods. 

To focus on a set of alternatives- suitable to handle 
.d 

the disposal of suspected radioactive material on the 

property, the NRC, w, and CNSI chose five alternative 

methods to be described and evaluated. These methods 

are hypothetical and may not be practical alternatives 

because of legal and/or economic restrictions. For the 

sake of accuracy, the term "scenario" has been used 

throughout the report in lieu of "alternative methods." 

1.5 Description of Property 

The property comprises approximately 126 acres located in the 

Washington Bottom of Wood County, West Virginia. The site is 
CR4 

situated we 
P( 

of the Ohio River in an industrial area 

surrounded by former farmlands. The Ohio River generally 

forms the site's western boundary; and DuPont Road, the 

primary access road from the site to Parkersburg, demarcates 

the northern boundary. (Figure 1 and Figure 2) 

The site's facilities on the property consist of an 

office building, new plant buildings, roadways,. old 

'building foundation slabs and,floors, storage areas, 

water and gas mains, a water storage tank and well 

field, a storm drainage system, and a railroad spur 

leading to the new'plant. (Figure 3) 
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FIGURE 1 - Aerial View 
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The general topography of the area is primarily shaped 

by a series of river bank terraces. The physical 

facilities are located on the highest bench of these 

terraces. The resulting drainage patterns are generally 
. 

toward the river to the west, with some drainage to a" 

ditch along the railroad to the east. An incised gully 
r 

drains'some surface runoff to the southwest. 

1.2 History of Property 

.According to AMAX Inc ., .the Parkersburg site was developed 

by The Carborundum Company in 1957 for the production of 

high-grade zirconium metal fork use in the,construction of 
&4-k- 

nuclear reactors for the U. S. Navy under an AEC co$z&a&., a.r.rl-~ 
The Atomic Energy.Commission (ABC) and Bureau of Mines. 

:: 
Process was used. This process started with the ionversion 

of zircon ore to zirconium carbonitride followeh by the 

chlorination of the carbide to zirconium tetrachloride 
,' ; 

(98% zirconium and 2% hafnium metal). The metal complex 

was then separate'd into the zirconium and hafnium fractions 

and the metal was recovered by the Kroll Process. . Magnesrum 

metal was reacted with the zirconium tetrachloride under 

pressure inthe Kroll Process. A solid'reject from the 

reaction can be pyrophoric and'is cormnonly~ called .l "sidewall 

'material." '. L. 

During 1961 and 1962, the Carborundum Company processed 

Nigerian zirconium ore under an AEC license. In addition 
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to zirconium this ore contained 6% hafnium, up to 6% 

Th02 and 0.2% UO2. The processing of the Nigerian 
-c- 

concentrate was under the surveillance of the A!X, and 7 

both the ore and all residuals were stored in drums ,~ 

on the site. The use of Nigerian ore stopped in 1962 and 

zircon was again processed by the original system until ' 

1970: / 

AMAK and Carborundum operated the Parkersburg facility 

as a joint venture, Carborundum Metals Climax, from 

1965 to 1967. AMAX then became the owner ~of the business. 

The Niger,ian ore and radioactive residual were stored 

on the site until September, 1968. During the seven 

years of storage, many drums had deteriorated and it 

was necessary to dispose of soil located beneath the 

stored drums' to reduce the residual radiation to 'approved 

levels. Nearly 3000 drums of ore,,residual material, and 

soil were transported from the property to an approved " 

AEC burial site at Morehead, Kentucky. 
./ 

The'processing of zirconium ore stopped in'late 1969, when 

purchased zirconium tetrachloride was substituted. AMAX 

produced zirconium and hafnium metal sponge until November, 

1974, when production was terminated. 

In November, 1974, AMAX received a license from the NRC to 

conduct laboratory scale experiments on Baddeleyite ore (Zr02) 
-, 
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which contained less than 0.5% total thorium and uranium. 
--------=---yV__ 

A~r~o~y~eests were conducted in late-y? 

all remaining Baddeleyite ore was sold and its process 

residuals were transported to an approved NRC burial site. .d 

In March, 1977, the Parkersburg property and buildings 

were sold to L. B. Foster Company. Based on a site 

inspection by the NRC concerning the closeout of AMAX's 

Baddeleyite license, 70 drums of earth identified by' 

the NRC as above background, were transported in late 

1977 to an approved NRC disposal site. 

As a result of problems with pyrophoric and radioactive 

material found on the property in 1978, AMAX repurchased 

the property from L. B. Foster Company and undertook a 

program to clear the site. As a first step, Chem-Nuclear 

Systems, Inc. completed a radiological assessment of the 

site in December, ,1978. ' 

During 1979,, AMAX leased that portion of the property 

west of the old metallurgical plant, which was found to 

be free of radioactivity, to the L. B. Foster Company; 

and their pipe manufacturing buildings were relocated 

as' shown in Figure 3 and the accompanying aerial photographic 

view to the north, Figure 1. The manufacture of pipe was 

begun again in late 1979 by L. B. Foster cCompany. h 
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Plans for managing'the radioactive material and providing 

for its disposition are knder investigation. 
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RADIOLOGICAL CHARACTERISTICS OF THE SITE 

In order to assess relative radiological hazards to 

individuals who may work or te'present on the site, an 

in depth radiological~survey was performed by Chem-NuGear 

Syst~ems, Inc. during the.months of July through October, 1978. 

The results of this survey yielded the following data: 

1. Identification of surface areas of radioactive 

contamination at the' site; ' 

2. Quantification of radiation levels present at the 

site; 

3.~ Identification of radioactive contamination as a function 

of soil depth present at the site; 

4. Identification of radionuclides present at detectable 

levels on or near the site in soil'and water for ' 

selected samples. 

Radiological Assessment Instrumentation 

2.1.1 Gamma Radiation Assessments 

Low level,gamma radiation measurements (O-500 uR/hr) 

were performed using a Reuter Stokes Environmental 

Radiation Monitor, Model RSS-111. This instrument 

is a pressurized.ion, chamber capable of making, 1 

accurate measurements of gamma radiation encountered 

in"the natural 'environment., 

. 
Gamma radiation measurements taken in drill holes 

(soil radiation profiles), or above the useful range 

< 
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of the RSS-111, were made using a sodium iodide 

(NaI) scintillation detector. .This instrument 

.was a Ludlum Model 3 equipped with a 44-2 probe 

(1 inch by 1 inch NaI). .& 

2. 1. 2 Alpha Radia'tibn' Assessments 

Alpha radiation measurementswere~made using an *, 

Eberline Portable Scaler Model PS-2 equipped with 

a Model RD-13A detector (scintillation detector) 

and anEb.erline LIN-LOG alpha surveyjmeter model' 

PAC-4S with the AC-3-7 probe (scintillation' detector). 

2.1.3 Beta-Gamma' Radiation Measurements 

General field survey instruments used for Beta-Gamma 

radiation measurements were the Eberline E-120 meter 

equipped with either the HP-177 or HP-210 probes. 

2.2 Radiolo~gical Assessment Methodolopy 
i. ~. 

2.2. 1 Ins'truaient 'Calibration 'and 'Source Che'cks 

' All project instruments were calibrated by Eberline 

Instrument Corporation or Rutgers University prior 

to the start of the assessment survey with the 

exception of the RSS-111. This instrument was factory 

calibrated in July of 1978 (prior to survey)., All 

instruments were source checked daily using the 
,' 

appropriate radioactive check sources for the particular 

instrument. 
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2..2.2 Back~grourid Radiation Measurement 'and Verification 

In order to assure accurate gamma'radiation~ 

measurements; and to establish 'generals area natural 

radiation levels, background gamma radiation m'easure- 

ments were made.daily at a selected background position 

at the site periphery. These measurements included 

2 readings with the NaI scintillation crystal, one 

at 6 inches above'soil surface and one at a soil 

,I '. 

t 

depth of 2 feet. In addition, a reading was made 

with the RSS-111 pressurized ion chamber approximately 

1 
one meter above soil surface'. All measurements made 

,' -with the NaI ~scintillation crystal, were aboire or into 

a drill hole bored with the same water jetting technique 

used for site ~survey. (Figure 3, pt. "PI') 

Natural radiation background as measured with the 

pressurized ion chamber ranged from 12.0 iR/hr. to 

12.4 uR/hr (measured at the selected background . 

position at the site periphery). 
,:' 

2.2.3 Soil.Analysis 

Twenty three soil samples were ,taken and forwarded 

to Teledyne 1sotopes;for analysis. (Table 1) These 

samples were intended to'establish relative q'uantities 

of contaminants present and establish data trends 

between gamma exposure rates made in the field and 
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the soil thorium and uranium content. The majority of the 

isotopes were identified utilizing Ge(Li) gamma spectrometry. 

The uranium and thorium analysis was determined by chemical 

digestion, chemical separation, electrodeposition, an&finally 

alpha spectral analysis. 

Comparison of these data shows reasonable correlation 

between field measurements and soil analysis as follows: 

Soil analysis at the selected background position at the 

site periphery indicates background quantities of thorium, 

uranium, and the associated decay progeny. The ?a1 

scintillation detector displayed a, relatively low count 

rate in comparison to on-site readings. The pressurized 

ion chamber indicated background exposure rates (12pR/hr 

or 105 mR/yr) found at point P as shown in Figure 3. 

Soil analysis at,grid positions (Appendix I) with high gamma 

exposure rates indicates elevated levels of thorium, uranium, 

and the associated decay progeny. There were no significant 

levels of fission products from nuclear weapons testing 

found in any of the~zsoil s'amples. One of t&fission products, 

cesium, was present in a few samples, but ,the levels were' 

such that no interference on the gamma readings was assumed. 

.ysis of (1) and (2) above indicate that in general the 

Ld sampling techniques utilized,were sensitive to radiological 

-14-' 
1 . 



TABLE 1, 
SUMMARY OF TELEDYNE SOIL SAMPLES 

(NOVEMBER 15, 1979) 

:ion of Samples I 

Point P 
rid #2: Surface 
rid #2: ,2 Ft. Depth 
rid $3: Surface 
id f/S: 2 Ft. Depth , 
id j/12: 2 Surface 
id i/12: 2 Ft. Depth 

Surface 
id #20:' Surface 

SHPL NR PMP Surface 
id 1~1063: Surface 
id #1030: 'Surface 

Surface 
Grid #13: Surface 
Grid #38: Surface 
Grid 8113: Surface 
Grid j/681: Surface 
Grid $1892: Surface 
25 Ft. EXT DRN MN GHLA 
rid #80RR: Surface 
rid #80: 2 Ft. Depth 
rid #224RR: Surface 
,rid #224RR: 2 Ft. Depth 

I 
AC-228" 

1 Nuclides, pCi/g dry 
u-238 

1.35 + 0.,18 
.13.60 2 1.40 

408.00 + 41.00 
13.20 f 1.30 

8.36 ,k 0.84 
1270.00 f 130.00 

5.66 f 0.57" 
337.00 f 34.00, 
712100 + 71.00 
378.00 + 38.00, ' 

1810.00 t 180.00 " 
'339.00 f 34.00 

-- ,--~:. 
192.00 + 19.00 

39.40 f 3.90 
332.00 +_ 33.00 
372.00 t 37.00 
229.00 + 23.00 

45.60 + 4.60 
306.,00 2 31.00 

1.14 k 0.18 
256.00 + 26.00' 

30.30 i 3.00 

0.5 f 0.1 
0.9 t 0.2 

40.0 + 4.0 
i.2 + 0.2 
0.9 2 0.2 

42.0 f 6.0 
0.8 f 0.2 

228 232 
*'The activity of AC is eauivalent to the -activity of 'Th. 
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contaminants present from facility operations. These 

measurements do not appear to be biased by other naturally occur- 

ring radionuclides or fission products from weapons testing or 

other sources. The significance of the levels of uranium @d 

thorium in the soil samples will be discussed in section 3.4. 

2.2.4 Surface Radiation Measurement 

In general, surface radiation measurement for outdoor 

mapping was performed with the pressurized ion chamber 

and NaI detector. Measurements were made as follows: 

(1)' The manufacturing site and storage areas we& 

marked off into areas approximately 25 feet by . 

25 feet. Appendix~I 

(2) Corners of each grid (Appendix.1) were identified 

with wooden stakes or other afield expedient means.' 

(3) A gamma scan of each 25' x 25! area was made with. 

the NaI scintillation detector. 

(4) At the highest gamma flux detected with the NaI 

scintillation detector, the exposure rate was 

measured with the pressurized ion chamber. 

(5) At ,the few positions where exposure rates exceeded 

the capabilities of the ion chamber (500 uR/hr), 

readings were taken with the NaI detector. The ; 

detector was field calibrated by taking measurements 

in an adjoining grid, determining the ratio between the 

measurements, and applying the ratio to the NaI count 

rate. 
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Figure 8 depicts the areas greater than two times, five times, 

and ten times .above background measured at point P of Figure 3. 

2. 2.5 Sub-Surface Radiation Measurements 

In order to determine the depth of radioactive material? 

holes twelve feet deep were water jetted into the ground. 

Water jetting was utilized due to the possibly pyrophoric 

nature of the material. The holes were sunk in rows 

separated by about eight feet and at about nine feet 
1 

intervals along the row. A gamma scan was performed 

with the NaI detector at two feet intervals in each hole. I 
The unit. of measurement wascount rate and was compared, 

to,the count rate of the background hole at point P. The 

depths at which greater than twice background was detected 

is graphically shown in Figure 6. 
. 

h 
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HEALTH PHYSICS ASSESSMENT 

3.1 Radiation Protection' Standaras 

The following is a review of existing radiological, 

standards, guidelines, and regulations which wilybe 

used in evaluating the potential hazards associated 

with the radioactive material detected on the site. 

Tb.e following terms are defined: 

Standard - A method, technique or numerical value 

established by a recognized authority based on the_ 

best scientific opinion or data availabl,e. 

Guideline - A recouunended approach, procedure, or 

technique which may be utilized and has been found 

_ acceptable by the issuing authority. ', ' 

Regulation - Requirements issued by responsible _ 

authority or government body carrying the force of 

law. 

3.1.11 External Gamma Radiation 

The reconmnendations of the Intemational.Commission on 

Radiological Protection (ICRP) have constituted the 

internationally-accepted standards for radiation protection 

since 1928. The fundamental philosophy'of ICRP is that 

any level of radiation may be potentially harmful. 

I Any unnecessary exposure should be avoided and radiation 

exposure should be,kept as low as reasonably achievable. 
* L 

-2o- 
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Due to the radiation levels found naturally in~the: 

earth's environment, however, exposure .'co radiation 

is unavoidable. Annual limits for whole body exposure 

have been recommended by this recognized authority is 

0.17 rem for the general population, 0.50 rem for any 

single individual in the population, and 5.0 rem for 

an adult exposed in the course of their work. All 

exposure limits are defined as radiation exposure above 

that due to background radiation. 

Federal regulations found in 10 CFR 2O'limit radiation 

exposure to the whole body in unrestricted areas (general .i 
population) to 0.50 rem/y;, 0.002 rem in one hour, or 

0.10 rem-in 7 donsecutive days. In res;tri.cted areas, the 

exposure limit to'the whole body of a worker is limited 

to 1.25 rem in any calendar quarter. Appendix B of 

10 CFR 20 has limiting concentrations in air and dater 

for radioactive:isotopes. These concentrations are 

calculated to result in radiation exposure to the whole 

body or-,certain.critical. organs of the body that are 

equivalent to the previously stated limits. The 

above'doses are'the upper.limits for radiation 

exposure. In all cases, exposure to radiation must be as 

low as reasonably achievable. 
I 

The term "as low as 

reasonably.achievable", as d'efined in 10 CFR'20.l,,means 

"as low as is reasonably achievable taking into account 

the state of technology, and the economics of improvements 

in relationto benefits to the public health and safety." 

-21- 
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Although not directly applicable to this site, the 

Environmental Protection Agency has set the radiation 

dose standard for the,uranium fuel,~cycle (40 CFR 190) 

such that the annual dose toia member of the. gengal 

public "shall not exceed 0.025 rem '&the whole body." 

3.1.2 Surface Cbntamination 

The NRC's Divi,sion of Fuel Cycle and Material Safety 

has issued "Guidelines for Decontamination of Facilities 

and Equipment Prior to Release for Unrestricted Use or 
.' 

Termination of Licenses for Byproduct, Source, or Special 

I&clear Material" (Nov. 1976). Thi,s,document specifies 

the limits for surface radioactivity 'and radiation exposure 

rates asso,ciated with the surface ;contamination which 

should be met prior to ~release of equipment or facilities 

for unrestricted use. These guidelines are in general 

agreement with standards issuedby the American National 

Standards Institute in the draft document "Control of 

Radioactive Sur'face Contamination on Materials, Equipment, ' 

.and Facilities to be Released for Uncontr~olled Use" (N13.12) 

The surface contamination limits for removable natural 

thorium and uranium is 1000 dpm/lOO cm2. 

3.1.3 
i’ 

Soil Contamination Q - 
Uranium and thorium are naturally occuring radionuclides 

that are found in varying.degrees in most soils. 

-22- 



Thorium-232 can naturally range from about 0.2 pCi/g 

in sand stone up to 2.2 pCi/g in igneous rock. Uranium-238 

can range from about 0.2 pCi/g in basalt up to 1.6 pCi/g ., 
in salic (NCRP 45, p. 59). There arelocalized areas 

I e. 
where uranium and thorium can be found at much higher 

concentrations up to several hundred picocuries per gram. 

With such a wide spectrum of concentrations, a cut-off 

point is needed to separate material containing innocuous 

levels of uranium and thorium from material with significant 

levels. This delineati& is made by designating material 
I 

or soil as source material. Eource material is defined 

in 10 CFR 20.3 as "(i) uranium or thorium, or.any 
_ i 

combination thereof, in any physical 'or chemical form or 

(ii) ores which contain by weight one-twentieth of one 

percent (0.05%) or more of'a) ,uranium, b) thorium or 

c) any,combination thereof."' 

.F 

3.2 -Direction Gannns Expo~sure Rates.: 

Atthree locations on the survey grid, #ll, 12, 175, (Appendix I), 

the gamma exposure rates exceed 595 pR/hr. A continuous exposure 

of 595 @/hr for 7 consecutive days will result in a do'se 

of 100 mrem. Access to this area by the general public is 

.currentl'y restricted,and controlled by a fence." The are's 
j. :' ,. _ 

is used'by L., B. Foster as a storage compound with administrative~ 

controls to prevent unnecessary access by,employees. 
0 
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3.3 Aloha Smears . 

Smears were taken in all of the buildings as they existed 

at the time of the survey on July 1978 to: determine the 

level 'of removable (smearable) radioactive.material. The 

smears were counted for alpha radiation due to the preponderence 

of alpha decay in.the potential contaminants. As discussed 

in section 3.1.2, the limit for removable uranium or thorium 

is 1000 dpm/&OO cm2 for alpha contamination. The buildings .,, 

surveyed meet the guidelines and standards, and were released ' 
for unrestricted use. 

3.4 Soil Contamination 

The highest gamma exposure rate found was ~900 pR/hr with 

the majority of the readings much smaller. These gamma 

exposure rates will not expose workers to an excessive amount 
i. 

of radiation during any cleanup operation. Every reasonable 
1 

precaution should be made, however,,to minimize the exposure. 

CNST employees received approximately.0.44 rem for 2000.hours 

of exposure. An average exposure of 0.22 mrem/hr is consistent 

with the observed data. 
: 

The background soil sample indicates that the Th-232 

concentration is about 1.4 pCi/g and that the U-238 concentration 

is about 0.5 pCi/g. This is consistent with the background 

values reported in NCRP 45. In order to" classify~ the material 

as source material, a calculation must be made to expres,s 

0.05% by weight as pCi/g. 
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This calculation was made and 55 pCi/g of Th-232 or 

170 pCi/g of U-238 corresponds to the 0.05% by weight. 

Twelve of the 23 soil samples exceed these levels and 
L! 

indicate the presence.of source material (Figure 4). The 

highest soil sample is from grid 4. (Appendix I> with a 

concentration of 1.8 nCi/g. This would calculate for 

thorium to a.value of 1.6% by weight as opposed,to the 6% 

thorium content of the Nigerian ore. : : 

: 

.! 
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4.0 SCENARIOS CONSIDERED 

A satisfactory disposal program should attain the following 

objectives!: 1) eliminate or reduce to acceptable l:vels 

any airborne or surface emissions, 2) eliminate or reduce 

impacts on the groundwater, and 3) ensure long-term stability 

and isolation of the radioactive material without the need 

for perpetual active maintenance (responsibility of disposal 

site). The five scenarios considered in this report are 

representative of hypothetical methods as yhosen by the 

NRC, CNSI and Al. Some may not necessarily meet the 

above objectives or current government regulations. These 

scenarios are provided for comparative purposes only and 

are summarized in Table 2. Estimated cos'ts are included 

in the appendices III, IV, and V. 

4.,1 Scenario I -- Transporation by Truck to Land Disposal Sites 

4.1.1 .Procedures 

The material identified as containing radioactive substances 

would be excavated with suitable machinery. Using the 

appropriate safety equipment and necessary manpower, the 

excavated material would be packaged (as bulk or in drums) 

according to the applicable federal/state regulations. The 

packaged material would then be loaded into the trucks 

for shipment to the disposal sites in Nevada or South Carolina. 

J; B. J. Macbeth, and others, Screening of Alternative Methods 
for the Disposal of Low-Level Radioactive Wastes, NUREG/CR-0308. 
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4.1.2 Discussion 

As CNSI.studies have shown, some portion-of the radioactive 

material on the site and environs meets the criteria for 

source material (10 CFR 40) and must be packaged accwding 

to government regulat.ions (10 CFR 40). These regulations 

'pen&t the.material to be shipped as bulk.,or in drums. If, 

however, suspect pyrophorics are a~lso present in the excavated 

materials, then additional regulations apply~.(49 CFR 173). 

Radioactive-Apyrophoric material can only be shipped in 

drums; bulk shipments are not permitted. 

Any shipments destined for the disposal sites at Bamwell or 

Beatty.are subject to strict criteria developed by the site 

management. These rules contain restrictions banning 

pyrophoric materials. ~90th disposal sites may refuse, 

to accept any shipments containing pyrophoric material; 

however, under certain conditions, a waiver may be obtained. 

In addition, the Bamwell site, unde.r its present allocation 

program may not,be able to handle the.possible quantity 

of waste from the AMAX property.. See Appendix II for volume 
~~'---"‘"-~, 

estimate. 
p4W---WS--- 

Scenario II -- Transportation bv Barge to Sea 

4.2.1 Procedures .' . 

The material identified as containing radioactive substances 

would be excavated with suitable machinery. Using the 

appropriate safety equipment and necessary manpower, the 

excavated material wbuld be packaged (as bulk or in drums) 

i 
: 
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according to,applicable federal/state regulations. The 

packaged material would be loaded onto the trucks. The 

trucks would travel to a designated loading area near the 

Ohio River where a conveyor system would transfer thk-packaged 

material to the barges. The loaded barges would be towed 

down the Ohio River and then down the Mississippi River 

to New Orleans. Upon arrival in New Orleans, the material 

would be transferred by conveyor system to ocean-going 

barges. The loaded ocean-going barges would be towed to 

and area designated as a dumping site in the Gulf.of 

Mexico. The empty barge would return to New Orleans 

for another shipment. 

4.2.2 Discussion 

.The packaging regulations described in section 4.1.2 would 

apply to this scenario. 

.I 

The transport of radioactive waste down the'ohio and Mississipp'i 

Rivers to the Gulf of Mexico would probably require various 

state and federal permits and licenses. If sea disposal were 

permitted, these regulatory avenues would have been investigated. 

i ~~.~------ 
As of 1970, the United States no longer practiced dumping 

low-level radioactive wastes into the: oceans. According 

to 10 CFR 20.302, "the Commission will not approve, any 

application for a license for disposal of licensed material 

at sea unless the.applicant shows that sea disposal offers 

less harm to man or the environment than other practical 

alternative methods of disposal." ‘i 



4.3 Scenario III -- Transpo f ation by~5arge , 1 
I 4.3.1 Procedures 

Similar methods would be used as described in 4.2 for exca- 

-29- 

vation, packaging, loading, transporting, and‘conveying to 
i" 

a barge. 

:~ I I 

Likewise, the loaded barges would be towed down the .. 

Ohio and Mississippi Rivers but only tom Paducah, 

Tennessee. Upon arrival in Paducah, the material 

would be transferred by a'conveyor system to trucks 

which would haul the material to the DOE burial site 

for disposal. 

4.3.2 Discussion 

The- packaging regulations described,in section 4.1.2 would 

apply to this scenario. 

The disposal sites operated by the DOE do not currently 

accept radioactive materials from private industry. 
- 

As in Scenario II, licenses and permits would undoubtedly 

be required by various state and federal agencies for the 
transport of'radioactive waste through~ public r:latcrtrays. 
These regulatory requirements were-not studied because 
d&posal.s DOE,site was not considered feasible b,y -C--l------ --s.wee~m*.m'w=~" 
they study team. ., 



Scenario IV -- Injection Into an Abandoned Mine 

4.4.1 Procedures 

The material identified as. containing radioactive substances 

would be excavated &thsuitable,machinery. 
-;- 

Using .&. 

the appropriate equipment and necessary manpower, the excavated 

material would be packaged as bulk or in drums according to 

applicable state/federal regulati~ons. The packaged material 

would then be loaded onto. trucks for shipment to the 

abandoned mine. The material would be stockpiled at the 

mine site, and a series of bore holes would,be drilled into 

the existing cavities of the mine. A mud slur$ng unit and ?@f 

a pump truck would mix and inje'ct the bulk material via the 

bore holes into the mine. The drummed material would be 

lowered into the mine through larger bore holes. All drilling 

operations would be conducted at the surface. 

4.4.2 Discussion 

To date, the disposal of low-level radioactive material 

in an abandoned mine has never been performed. Other 

methods', less complicated than mine disposal, have been 

utilized. 

Prior to the development of the mine as a hypothetical : 

disposal site, various permits and licenses would have,to 

be procured from local and federal authorities. Preliminary 

studies would have to be performed. At the very least, the 

0 -3o- 



federal agencies would require an extensive environmental 

study to accurately define the geohydrological characteristics 

'of 'the site and determine that the radioactive material Will 

remain isolated from the biosphere for a'specified period 7 

of time. 
'- 

The depth and extent of the mine makes the 

continual surveillance of the migration of radionuclides 

from the site difficult. Likely, the area would be considered 

restricted because of the nature and quantity of radionuclides 

on site. Security provisions would be needed. 

the site's control and long term care could be transferred 7 
, 

from the owner (AMAX) to a government custodian. This 

action would require specific arrangements by the present 
1 owner. 

4.5 Scenario V -- On-Site Stabilization 
, 

4.5.1 Procedures 

A portion of the property would be designated as the on-site 

disposal area. After extensive evaluation of the site's 

characteristics, a suitable disposal,technique, above or 

below grade, Gould be chosen. All ma~terial identified 

as containing radioactive substances would be excavated 

(if necessary), transported, and disposed of by the selected 

technique. 

Below grade dgsposal would-consist of excavating a cell 3 
c-y--- .' -.-.--T--n -- 
to a depth of approximately 9 feet. Site 'drainage and 

F I__i_ 
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proper erosion preventive measures, would~have to be 

provided for the site. The cell would be filled with 

contaminated debris, compacted, and'covered with clay. 

Top soil :would be added as a'final cover. Additiona!? 

cover would be'provided if the dose rate was unacceptably 

high'above background. 

Above grade disposal would consist of preparing a base 

pad by building an approved drainage system as the bottom 

of the pad. The same erosion and drainage'measures described 

in the below grade sectionapply. The contaminated debris 

woul~d be placed on the prepared pad to"aIpredetermined 

height. A permanent cover of clay and top soil would be 

placed over the waste material. The final topography 

would resemble a mound. As in below grade disposal, 

additional cover would be provided if the dose rate 

was unacceptably high. 

Costs for below grade and above grade disposa 

in Appendix III. 

4.5.2 Discussion 

1 are shown 

Prior to the establishment of a disposal area, various 

permits and licenses would have to be obtained from 

appropriate authorities. The federal agency may require 

preliminary studies; including an environmental study, 

.~ -32- 
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demonstrating that the interred radioactive material 

will remain isolated from the biosphere for a specified 

period of time. A surveillance program may be required 

to monitor the possible migration of the radionuclid‘& 

from the disposal area. Ultimately, the area's control 

and long-term care would be transferred to a government 

custodian and the owner (AMAX) would make those arrangements. 

4.6 Scenario Cost Estimates 

Estimated costs were assembled for preceding scenarios 

and summarized in the Appendix III. 

'. 
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TABLE 2 - 

SCENARIO COMPARISON 

Potential 

Applicable 

Federal 

Scenario Aqencies 

I Truck to DOT 

Commercial NRC .I 
Disposal Site EPA 

II Dispoal 

at Sea 

III Barge to 

IV Injection 

into Mine 

V On-site 

DOT 

NRC 

NOAA 

Army Corp of 

Engineers 

EPA 

NRC 

DOE - 

DOT 

Army Corp of 

Engineers 
EPA 

NRC 

DOT 

Bureau of llines 

EPA 

Risk 

Transportation accident 

possible due to high number 

of trucks needed. 

Possihle radiological I 

and health physics risk due 

to handling frequency. 

Possible radiological~ 

and,health physics risk due 

to handling frequency. 

Possible radiological 

health physics risk due 

'to handling frequency. 

Future area mining risk 1 

NRC 

Stahilization other agencies(?) 
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5.0 CONCLUSION 

Based on the preceding studies, current federal/state 

regulations, and risks involved, the CNSI study team 

supports on-site stabilization as the most viable dis@6sal 

method of the five scenarios considered. The study team 

recommends that formal topographical, geological, 

meteorological, and hydrogical studies be performed. In 

addition, detailed studies should be conducted to determine 

the identification, location, and hazard of:any pyrophoric 

residues onthe property. 
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DIRECTORY 

Technical Contacts 

AMAX Environmental Services, Inc. 

James E. Kerrigan, Senior Environmental Engineer 

4704 Harlan~ Street" 
Denver, Colorado 80212 
Phone: 3031433-6151 

AMAX Inc., 

Stanley A. Thielke, Managqr of Industrials Hygiene 

AMAX Center 
1 Greenwich, Connecticut 06830 
1 Phone: 203-622-3000 

Chem-Nuclear Systems, Inc. 

Ronald Mencarelli, Project Engineer; Decpmmisstioning 

P. 0. Box 726 
aBamwdl1, SC 29812 

John Coffman, Manager, Compliance Assistance and-Technical Services 
Robert Levesque, Assistant Director, Field Services 
Kenneth Sterbenz, Project Engineer, Decommissioning 

'240 Stoneridge Drive, Suite 100 
Columbia, SC 29210 
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APPENDIX II !!I j 
;,:,,I ; 

e 
II :, 

i Calculations I ', 

; 1. Method for calculation of volume: ,' 
The grids and other defined areas which exceed twice 'Q 
background were determined. The depth to which the 

[i; 

deposit of radioactive material exceeded twice back- 
ii: 

ground was then determined for each of the above areas. 
i’ 

The total volume was then-calculated by summing the 
products' of each surface area by the depth of the 
deposit. The following is a surmnary of the above' 

I// 

defined products: 
I, ; 

i i: 1: 
6;' . . . . 

Area Cubic Feet, 
HiI!' 

(a) 100 ft. extension east of grids /No. i'- 16 (p@? 
,!) 

where appro- ,j' 

1,500 square feet x 1.5 feet . ! . . . . . . . . . 2,250 
/ ~; 
i;'~' 

(b) 25 foot extension east of grids No. 1 - 16 ';'I , 
10,000 square feet x 1.5 feet. . . . . . .: . . . . 15,000 

"'I 

(c) Grids No. 1 - 192 with no concrete beneath"' 
: 

53,750 square feet x 2.0 feet. .'. . . . , ..'. . . 107,500 

id) Grids No. 1 - ~192 with concrete beneath 
23,125 square feet x 0.25 feet . . . . . . . . . . 5,800 

(e) Grids No. 193 - 395 
IJ 3,125 square feet x 1.5 feet . . . . . . . . . . . 4,700 

I:~ 
1, 

(f) 25 foot extension North of Grids (between 
!I'; I, 

Grid No. 1 & 129) ,A 
6,250 square feet x 1.5 feet . ., . . . . . . . . . 9,460 Ii!’ j,! 

i(g) 100 foot extension West of Grids No. 193 - 395 
1,825 square feet x 2.0 feet . .' . . . . . . . . . 
3,125 square feet x 0.5 feet . . . . . . . . . . . . 

3,650 :/ 

,' 
1,550 

contaminated rubble. . '. . . . . . . . . . . . . . 450 

(h) Area in grids No. 398 - 1422 
83,750 squa;re feet x 2 feet. .- . . ., . . . . . . i67,500 

'/~I!, 

39,375 square feet x 4 feet. . . : .j . . . . . . . 157,500 
34,700 square feet x 7.5 feet. . . + . . . . . . . 260,300 

j;! 

j' , 18,750 square feet x 14 feet . . . : . . . . . . . 262,500 
I 

(,i), South west drainage flood plain I 
,28,000 square feet x 2 feet . . . . . . . . . . . 56,000 i '/;,,' 

(j) Build up on adjacent property S. SW of mfg. sites I/ : 
700 square feet x 2 feet ~_ . ,. . . . . . . . . .y 1,400 

I', 
/I 

i e / 
(k) Sediment catch tank at Ohio River 

Estimated volume in tank . . . . . . . . . '. . . 7 



.) Area along railroad siding 
19~,700 sqcare feet x 2.5 feet . . . . . . . . . , . 49,250 

Original Volume = 

Contingency volume estimates: 

1,105,000 ft.5 

Removal of con,taminated soil will most likely result in 
the cross contamination of the underlying soil which then 
has 'to be removed and controlled. This additional depth is 
estimated to be four (4) inches over the areas defined in 
$11 of'this section. In addition, the building rubble placed 
over the northern portion of the manufacturing site grids 
would also have to be considered as being radioactive as there 
is very little chance it could be removed practically without 
it being mixed with contaminated subsoil. The sum of these 
two volumes are: 

Contingency Volume = 122,600 ft.5 

The original volume (1,105,OOO ft.3J ' 
(122,600 ft.3) equals 1,22<,600 ft. 

plus the contingency volume 
a conservative 

estimate,the 
k 

227,600 ft. 
To present 

1,500,000 ft. . 
calculation was rounded up to 

, 
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SCEKARIO DESCRIPTION OF SCENARIO PACKAGING COST TRANSPORTATION BURIAL FEE TOTAL COST 

I Transportation by truck to 
disposal sites 

A. Bulk A. $0.53/ft3=$0.78 mill 

:: 
To Barnwell, SC ,l. $3.8 mill 
To Beatty, NV 2. $16.0 mill 

B. Drums 

1. To Barnwell, SC 
2. To Beatty, NV 

B. $1.50/ft3=$2.2 mill *I 

1. $4.6 mill 
2. $19.3 mill .- 

C. Combination Bulk/Drum C. $l.09/ft3=$1.6 mill 

:: 
To Barnwell, SC 1. $4.3 mill 
TQ Beatty, NV 2. $17.9 mill 

1. $8.9 mill 1. $13.5 mill 
2. $11.4 mill 2. $28.2 mill 

1. $9.1 mill 
2. $11.8 mill 

1. $9.0 mill 
2. $11.6 mill 

mill = mill ,ion 

1. $15.9 mill 
2. $33.3 mill 

1. $14.9 mill 
2. $31.1 mill 



<‘. ..~ .~i 

'- 
r ,~, 

DESCR&TIiN OF SCENARIO 
, 

PACKAGING SCENARIO TOTAL COST 

II By barge for disposal 
at sea 

1~1 I By barge for disposal 
at DOE Site 

IV 
I 
:: . . 

Injection into an 
abandoned mine 

v On-site Stabilization 

-A. Below Grade 

B. Above Grade 

$0.90/ft3=$1.3 mill $7.8 mill 

$0.98/ft3=$1.4 mill $1.4 mill 

$0.53/ft3=$0.78 mill $1.5 mill 

$1.16/ft3=$1.7 mill WA 

$1.63/ft3=$2.4 mill N/A 

N/A, 

$4.4.mill $7.2 mill 

$3.5 mill 

WA 
WA 

c:~ 
mill = million 

$9.1 mill 

$5.7 mill 

$1.7 mill 

$2.4 mill 

. . . 



Additional Information 

for 

Appendices IIIA and IIIB 

The estimated costs listed in Appendices IIIA and IIIB are 

subject to change. 

$ 

For Scenario I, transportation to Barnwell costs $1.25 per 

mile and to Beatty~, $1.19 per mile. The burial fees are 

described in Appendices IV and V for both sites. Specifically, 

burial fees for Bamwell,and Beatty are $6.00 per cubic foot 

and $7.75 per cubic foot, respectively. These fees do not 

include the additional'surcharges such as tho'se for decommissioning 

and perpetuity funds. 

,,For Scenario I-III, transportation costs include truck 

and barge rental. Burial fees do not apply for Scenario II. 

There is a $3.00 per cubic foot burial fee for Scenario III. 

For Scenario IV, burial fees include the cost of the mine and the 

injection process. 
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t i CHEM-NUCLEAR SYSTEMS INC. 
L 

OneGreystoneWe~f0uilding~240SloneridgeOrive~Columbia.SouthCarolina29210~803l798-9042 

ilml rachnste material shall canply with Bparwent of Ttans~rtation packwine specifications in accordance with 
filei and Tifle 10 of the code of Federal Regulnrions, CSI's Nuclear Regol~nxy &mdssion and South Carolina 
@active ihterial Licenses, CXSI's Sarnx?ll Site Disposal Criteria, and amnm;ents tbereco. 

a. Steel Dnm and 1Pcoden Boxes: 

201 mr/hr - 1 ajhr 
l.'Xl R/hr - 5 R/hr 
5.001 R,hr - 10 R/h= 

lO.Wl R/M - 25 R,hr 
25.001 R/hr - 50 R/hr 
6u.Wl R,h?r - 7s R/h= 
75.COl R/tr - 100 R/hr 

100.001 R/tr - 125 R,hT 
Greater than 125 R/br 

~k~~ifnnn Fadiation Level at Unshielded Dis~alprice 
Liner Surface per Cubic Foot 

! 
0 - 200 mrftn- 

%.OO 
7.68 
9.78 

12.18. 
16.38 
20.86 
25.08 
33.18 
37.62 

By Special Request Cmly 

Radiation Surchn~e 
L per Liner 

No Sunbars 
$ w.00 

2iO. 00 
420.00 
510.03 
6SO.00 
810.W 

1.020.00 
1,140.OO 

sy b&quest ally 



APPENDIX IV (cont.) 

PAGE 2 Of 2 

Febnnry 14 - April 5. 1980 
April 6, 19so - April 5, 1981 

M.55 per cubic fcot 
SO.75 per cubic foot 

b. Cecmmissioninz Escmv Fund Chawe: 50.78 per cubic fmt 

t ” 5. BxNnL 032aY BLsI?;EsS LImE 'PX: A 2.4 per cent Barmell County Business License Tax shall be added to 
the total of ALL disposal fees. - 

XE: Fees noted in Item tin, +Ib and s shall be displayed as separately stated item on all dis~~al inroices. 

. L!IScEuxmLs: 

a. 'Wmspcrr vehicles and vans ( besides shielded transport casks) which are pmvided rrith additional shielding 
features my be subject to a mininan hmdline fee of S12O.W per use. Such'a fee covers additional handling 
and labor required for special equiprent setup and temporary shield rmval. 

b. Dxonmnination services (if rcqired): $22.50 per mahour plus supplies at current CSSI i-ate 

c. Custmrs will be cb-ed for all special iervices n.~ described in the Barrnell Site @%msal Criteria. 
1 

d. Terms of payment ar=s m 30 DAYS upon presentation of invoices. A service charge in the amount of one 
percenf (1%) per month my be levied on accounts paid after thirty (30) days. 

e. Carpmy purchase orders or a written letter of authorization in form and substzmce acceptable to CT’51 
shall be received before receipt of mdioactive wz~Xe material at the Barn!ell Disposal Site and ' 
refer to CSSI's Udioactive Material Ikenses, the Earmrell Site Disposal Criteria, md subsequent 
changes thereto. 

All shipvents shall receive a CXiI allocation number and conform to the Prior E;otifiation Plan. 
Additional infomation my be obtained at (K!3) 25!?-357713575. 

'Ihis Rate Schedule is subject to change and does not constitute an offerof contract which iS capable 
of being accepted by any party. 
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WASHINGTON NUCLEAR CENTER AND NEVADA NUCLEAR CENTER 
SCHEDULE OF CHARGES 

RADIOACTIVE WASTE 

sposal Charges 

solid Material 

R,HR AT COTTAINER SCWACE 

0.00 - 0.20 
0.201 - 1.00 
1.01 - 2.00 
2.01 - 5.00 
5.01 - 10.00 

10.01 - 20.00 
20.01 - 40.00 
40.01 - 60.00 
SC.01 - 80.00 
80.01 -~ 100.00 

over 100.00 

Disposable Liners RezoveZ Fran Shield: 

SCRCH.iP.GE PE? LISEP 

0.00 - 0.20 So Charqe 
0.201 - l.OC s 106.00 
1.01 - 2.oc 261.00 
2.01 - 5.00 36i.00 
5.01 - 10.00 530.00 

10.01 - 20.00 677.00 
20.01 - 40.00 840.00 
40.01 - 60.00 996.00 
60.01 - 80.00 '1.150.00 
80.01 - 100.00 1.306.00 

over 100.00 By Request 

. Liq:iC Scintillation ViEIs 510.25/cu. ft. 

. Bioloqical Waste, Anina Caicasses s 6.45/CC. ft. 

;rc?,arqe For Heavy Objects: 

es5 t?laT. 10,000 pounds 
0.0~1 ?our.ds tc Ca-,acit; of Site Equrpmen: 

'srcharqe for Curies (Per Load): 

ess than 100'curies. 
Oi - 300 c-ries 
01 - License Limits 

ini--.- Charqe, Per Shl?ment: 
/ 

ask ,Hanllinq Fee: 
, 

'asre Containing Chelating Agents in Packages 
zounf Greater than li of Packaqe Volune: 

)eco-razination Services (if required) 

APPENDIX V 

PRICE PET CL'. FT. 'U 

s 7.75 
8.50 
9.50 

11.60 
13.70 
17.75 
22.60 
33.70 
40.65 
44.65 

3T jlequear 

PP.ICE P'ER CC. 7-T. 

s 1.75 
7.75 
7.75 
7.75 
7.75 
7.75 
7.75 
7.75 
7..75 
7.75 

By ReG'aesc 

NO Charqe 
S 78.00 plus S.02 pe: lb. abcve 1c.o:; 15s 

NO Charge 
s 590.00 
S 590.00 plus 5.08 per curie 

5 200.00 

5 300.00 minirur. each 

By Request 

511.00 per nan millirem 

540.00 per man hour plus su?:lies at 
cost plus 155 

:mta;ner vo1unes: 
P 

55' Gallon D&X - 7.50 cu. ft. 
30 Gallon D:UCS - 4.01 cu. ft. 

i 5.Gallo- Drum.s - 0.6i cu. ft. 

3s Effective ?.a:~> 1, 19EO 
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